Abstract: Various preemergence (PRE), PRE followed by postemergence (POST), and POST weed control options for conventional soybean were evaluated. More than 90% control of selected weed species were observed for most treatments. However, weed interference in plots treated with S-metolachlor + metribuzin or S-metolachlor + metribuzin + cloransulam-methyl resulted in reduced soybean yield.
Introduction
At a total farm value of nearly $2 billion annually, soybean [Glycine max (L.) Merr.] is Ontario's most valuable field crop (Kulasekera 2015) . In 2014, 3.8 million tonnes of soybean were harvested in Ontario, with production concentrated in the southwestern region (Kulasekera 2015 ). An increasingly large proportion of soybean production has been devoted to glyphosate-resistant (GR) cultivars over the past decade. However, 25%-35% of soybean is planted to conventional (non-GR) cultivars, including identity preserved soybean (Dumont 2014) . For conventional soybean growers, successful weed control may require multiple herbicide applications to achieve commercially acceptable control.
Among other factors, profitable soybean production is dependent on effective weed control with an acceptable margin of crop safety. While there are numerous preemergence (PRE) and postemergence (POST) herbicide weed control options available, there is a lack of up-todate literature describing their corresponding use and utility in conventional soybean. Therefore the objective of this study was to assess crop tolerance and weed control for selected herbicide programs available for conventional soybean in Ontario. Of the 12 treatments evaluated, ten were applied PRE, one PRE followed by (fb) POST, and one POST.
Materials and Methods
Five trials were conducted from 2011-2013 in Ontario, Canada (Table 1) . Soil texture ranged from sandy clay loam to silt loam with a pH of 7.4 to 7.8 and 2.4%-4.8% organic matter; fields were not irrigated. Soybean was planted 4 cm deep in rows spaced 75 cm apart. Plots were 3 m wide and 7-10 m long, depending on location. Experiments were arranged as a randomized complete block with four replications. Herbicides were applied PRE, PRE fb POST or POST; refer to Table 1  for dates of application and Table 2 for a list of all treatments. At Ridgetown, all herbicides were applied using a CO 2 -pressurized backpack sprayer calibrated to deliver 200 L ha −1 of aqueous solution at 240 kPa. Soybean injury and weed control were assessed on a scale of 0% (no injury/control) to 100% (complete plant death). Crop injury was assessed at 2 and 4 weeks after soybean emergence (WAE) and weed control at 2, 4, and 8 WAE. Soybean was harvested at maturity with a small-plot research combine; weight and moisture were recorded, and yields were adjusted to 13% moisture.
Soybean injury and weed control data were subjected to analysis of variance (ANOVA) using PROC MIXED (SAS Ver. 9.3, SAS Institute Inc., Cary, NC). Herbicide treatment was considered a fixed effect, while environment (year-location combinations), the interaction between environment and herbicide treatment, and replicate nested within environment were considered random. An F test was used to test the fixed effects for significance and a Z test of the variance estimate to test the random effects. Normality was determined according to the Shapiro-Wilk test and the normal probability plot; PROC UNIVARIATE was used to test for homogeneity of variance. Although there were five site locations, not every site had the same weed spectrum. Therefore, depending on the weed species present, only two to four locations were used for analysis (common ragweed n = 3; green foxtail n = 4; common lambsquarters n = 4; and velvetleaf n = 2). Despite numerous transformations, common ragweed and green foxtail weed control data 8 WAE did not meet the assumptions for ANOVA and thus were not included in the analysis. After determining no significant treatment by environment interaction, soybean injury, weed control, and yield data were pooled across locations and years to provide a more robust analysis. Non-normal injury and weed control data were log-transformed and arcsine square root-transformed for analysis, respectively. Transformed data were back-transformed to the original scale for presentation of results. For soybean injury and weed control, the untreated control (assigned a value of zero) was excluded from the analysis. However, all values were compared independently to zero to evaluate treatment differences with the controls. Treatment comparisons were made using Fisher's protected LSD; significance was determined at P < 0.05. Orthogonal contrasts were used to compare the efficacy of PRE vs. PRE fb POST and PRE vs. POST treatments.
Results and Discussion
Soybean injury was low (<5%) for all treatments 2 and 4 WAE (data not shown). Similarly, ≤7% soybean injury has been reported for PRE application of metribuzin, chlorimuron (Griffin and Habetz 1989) , pendimethalin, S-metolachlor + metribuzin + chlorimuron, and S-metolachlor + flumioxazin (Whitaker et al. 2010) . As much as 22% injury was observed for PRE fb POST and POST treatments (data not shown); however, injury was transient and did not negatively impact soybean yield, relative to PRE treatments (Table 3) .
With the exception of imazethapyr + metribuzin, S-metolachlor + metribuzin, S-metolachlor + metribuzin + cloransulam-methyl, and flumioxazin/pyroxasulfone, all PRE treatments provided ≥94% control of all the weed species evaluated (Tables 2 and 3) . In other studies, Green et al. (1988) reported additive action on broadleaf weeds, including velvetleaf, for metribuzin and chlorimuron tank mixtures. Grichar and Colburn (1996) showed consistent control of annual grasses in response to flumioxazin. In this study imazethapyr + metribuzin provided excellent (≥97%) control of all species 2 WAE; however, control of green foxtail and common ragweed declined to 78% and 88% by 4 WAE, respectively (Tables 2 and 3 ). S-metolachlor + metribuzin controlled ≥94% green foxtail and common lambsquarters at all dates, as well as common ragweed at 2 WAE (Tables 2 and 3 ). Control of common ragweed subsequently dropped to 79% by 4 WAE, while velvetleaf control was 43%, 54%, and 46% at 2, 4, and 8 WAE for the same herbicide treatment, respectively (Tables 2 and 3) . Likewise, Stewart et al. (2011) reported 78% control of velvetleaf for PRE S-metolachlor fb late-POST glyphosate, while common ragweed, common lambsquarters, and green foxtail control ranged from 93% to 99%. Despite S-metolachlor + metribuzin + cloransulam-methyl Means followed by the same letter within a column are not significantly different according to Fisher's protected LSD at P < 0.05.
Contrasts were nonsignificant (NS) or significant at P < 0.001 (*). Means followed by the same letter within a column are not significantly different according to Fisher's protected LSD at P < 0.05. c POST treatment included 28% UAN (4% v/v). d Contrasts were nonsignificant (NS) or significant at P < 0.001 (*).
controlling <90% of common ragweed (86% 4 WAE) and velvetleaf (89% 2WAE), control would still be considered acceptable by most soybean growers (Tables 2 and 3) . Similarly, flumioxazin/pyroxasulfone provided 87% control of common ragweed at 4 WAE ( Table 2) .
Dimethenamid-P fb imazethapyr + bentazon provided exceptional control (≥99%) of green foxtail 2 and 4 WAE (Table 2) . However, common ragweed control was 75% and common lambsquarters was 68%, whereas velvetleaf control (3%) did not differ from the untreated control for the same treatment at 2 WAE (Tables 2 and 3) . Control with dimethenamid-P fb imazethapyr + bentazon increased to >85% for all species by 4 WAE, thus no difference in weed control between PRE and PRE fb POST treatments was present at that time (Tables 2 and 3) .
POST application of imazethapyr + bentazon controlled 88%, 62%, 94%, and 99% of common ragweed, green foxtail, common lambsquarters, and velvetleaf 4 WAE, respectively (Tables 2 and 3 ). Exemplary green foxtail control via PRE fb POST was presumably due to dimethenamid-P as it is the only species, among those evaluated in this study, listed as a 'controlled weed' on the its herbicide label (Anonymous 2015) . A slight decline in common lambsquarters control 8 WAE resulted in a significant difference between PRE vs. POST for green foxtail 4 WAE and common lambsquarters 8 WAE, where PRE treatments provided better control (Tables 2 and 3) . Cantwell et al. (1989) evaluated imazethapyr for weed control in soybean and found that control of velvetleaf was at least 90% regardless of application method (PRE or POST).
Relative to the untreated control, the reduced weed interference with all the herbicide treatments evaluated resulted in an increase soybean yield (Table 3) . Imazethapyr + metribuzin + flumioxazin, flumioxazin/ pyroxasulfone + chlorimuron, dimethenamid-P fb imazethapyr + bentazon, and chlorimuron + flumioxazin + pendimethalin provided greater soybean yields than S-metolachlor + metribuzin or S-metolachlor + metribuzin + cloransulam-methyl (Table 3) . Furthermore, soybean treated with S-metolachlor + metribuzin had a reduced yield compared to those treated with S-metolachlor + metribuzin + chlorimuron (Table 3) .
Of the 10 PRE herbicide treatments evaluated, six provided >90% control of common lambsquarters, common ragweed, green foxtail, and velvetleaf. As low as 78% (green foxtail), 54% (velvetleaf), 86% (common ragweed), and 87% (common ragweed) 4 WAE was reported for PRE application of imazethapyr + metribuzin, S-metolachlor + metribuzin, S-metolachlor + metribuzin + cloransulam-methyl, and flumioxazin/pyroxasulfone, respectively. Despite initially poor control of common lambsquarters, common ragweed, and velvetleaf due to PRE dimethenamid-P, control increased to ≥86% when fb POST imazethapyr + bentazon. Furthermore, yield reduction was observed only for S-metolachlor + metribuzin and S-metolachlor + metribuzin + cloransulam-methyl applied PRE. The results of this study report that effective weed control can be obtained using herbicides currently registered for use in conventional soybean, including identity preserved cultivars; however, the optimum herbicide program is weed species specific.
